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Specification 



1. Title of the Invention 

Boosting Circuit 

2. Claims 

A boosting circuit is comprised of first and second complementary transistor 
circuits that serially connect a transistor having one conductivity to a transistor having 
another conductivity, 

a transistor-circuit that directly connects at least four transistors having the first 
conductivity, wherein 

a first capacitive element is inserted between an output point of the first 
complementary transistor circuit and a connection point of a first stage transistor and a 
second stage transistor in the transistor circuit; 

a second capacitive element is inserted between an output point of the second 
complementary transistor circuit and a connection point of the transistors; 

an end of each of the first stage and fourth stage transistors and the first and 
second complementary transistor circuits is connected to a first power supply terminal; 

another end of each of the first and second complementary transistor circuits is 
connected to a second power supply terminal; and 

a signal having a different phase than the signal suppUed to the input ends of the 
second complementary transistor circuit and the first and-third stage transistors is 
supplied to the input ends of the first complementary transistor circuit and the second and 
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fourth stage transistors. 

3. Brief Description of the Invention 

The present invention relates to a boosting circuit and, more particularly, to a 
boosting circuit using a semiconductor device that includes a complementary insulated 
gate field effect transistor. 

The circuit shoAvn in Figure 1 is a conventional boosting circuit using a 
complementary field effect transistor (hereinafter referred to as C-MOS). 

In the figure, an input clock signal is is an inverted signal of this input 

signal; and ^2 is a signal that oscillates at the same phase as (|)i between the voltage at 
point (C) (output terminal) and the groxmd voltage. Furthermore, a capacitor Ci is 
connected between output point (A) of a C-MOS inverter Qi, Q2 and the center point (B) 
of a switching circuit that is comprised of n-channel FETs Q3, Q4. In other words, this 
circuit comprises a boosting circuit so that when an input signal ^\ (-Vq, 0) is applied and 
the voltage at point (A) changes from 0 V to -Vd, the voltage at point (B) is boosted to 
-2VDby using capacitor Ci from capacitor Ci and simultaneously charges capacitor C2 
and the charge stored in C2 is supplied to the load. Figure 2 shows the voltage 
waveforms at connection points (A), (B), and (C). When the load current is increased in 
the circuit in Figure 1, distortion is produced in the output voltage waveform as shown in 
Figure 2(C) caused by a worsening ripple rate. Therefore, in order to prevent this kind of 
output voltage fluctuation, capacitors Ci, C2 must be have large capacitances, or the clock 
frequency must be increased. However, if the capacitances of capacitors Ci, C2 are 
increased, the switching time of IGFET Q4 will lengthen. Therefore, an IGFET having a 



high mutual conductance gm must be fabricated, but will not be suited to integration 
because a large area is required. In addition, an increase in the clock frequency means 
that the power consumption of the boosting circuit will increase, which is also a severe 
economic disadvantage. Furthermore, when n-channel IGFETs Q3, Q4 are formed in a 
semiconductor device, the structure shown in Figure 3 results. In particular, the substrate 
(P well) of n-channel IGFET Q4 is connected to have the same voltage as point (C) so 
that the P-N junction will not become forward biased. When the voltage at point (C) is 
observed, if the ripple becomes large and the voltage at point (C) is lower than the 
vohage boosted at point (B), the forward bias current Ibc starts to flow in the P-N 
junction. Because this current starts to flow as the base current of a parasitic bipolar 
transistor formed between the drain, the P well, and the N-type substrate of the IGFET 
Q4, a vertical parasitic NPN transistor will operate, and current Ice that flows between the 
collector and the emitter towards the N-type substrate from point (B) is generated and the 
voltage at point (B) is further decreased. Consequently, the voltage at point (C) becomes 
unstable, and an efficient boosting circuit is not obtained. 

An object of the present invention is to provide a highly efficient boosting circuit 
using a small area and low-capacitance capacitors and eliminate the above-mentioned 
drawbacks. 

Figure 4 shows the basic structure of the present invention. Figure 5 shows the 
voltage waveform diagram at each node. 

For clocks , <t>i and ^ are clocks having the same voltages as ^\ and ^, 

as illustrated in Figure 1, respectively, and ^2 oscillates at the same voltages as ^2 and is 
an inverse phase clock. 



Clearly from Figure 4, the basic structure of the present invention applies clock (j)] 
to the gate of the C-MOS circuit that serially connects n-channel and p-channel IGFETs 
Qih Qi2. One end of Qi i, Q12 is connected to -Vd and 0 V, respectively. Furthermore, n- 
channel IGFETs Q13, Qm that have clocks ^, , ^2 appUed to the gates thereof are serially 

connected. The source of IGFET Q14 is point (C), and -Vd is supplied to the source of 
IGFET Q13. The center point (A) of the C-MOS circuit and the center point of n-channel 
IGFETs Qi3, Qi4 are connected to each other through capacitor Cn. This circuit has a C- 
MOS circuit that symmetrically and serially connects an n-channel IGFET Q21 having 
one end connected to - Vd to a p-channel IGFET Q22 having one end connected to 0 V 
and has clock ^, * applied to the gates thereof; serially connects at center point (D) an n- 
channel IGFET Q23 having -Vd connected to one end and clock (j)]* supplied to the gate 
thereof to an n-chaimel IGFET Q24 having one end connected to point (C) and clock ^2 
suppUed to the gate thereof; and connects point (D).to center point (E) of the C-MOS 
circuit by capacitor C13. The voltage boosted by this circuit is extracted between point 
(C) and ground (0 V) connected through the capacitor C12. 

According to this boosting circuit having a Similar structure, the voltage 
wavefomi at each connection point (A) to (D) is shown in Figure 5. Clearly from this 
figure, the operations in the left and right circuits with point (C) as the boundary are 
identical to the conventional operation. For the voltage waveform at point (C), the left 
and right boosting circuits operate as half-wave boosting circuits, and the boosted 
waveforms have an inverse phase relationship. Since IGFETs Q14, Q24 alternately 
conduct only when node (B) or (D) becomes -2Vd and supplies the voltage to output 
point (C), the result is the voltage at point (C) is always -2Vd. Conventionally, a part of 



the charge that is conducted by the n-chaimel FET Q4 and is stored in capacitor Ci is 
transferred to capacitor C2. For a half period after the n-channel FET Q4 becomes non- 
conducting, the voltage is supplied to the load by discharging the charge remaining in 
capacitor C2. hi contrast, in the present invention, capacitors Ci 1 and C13 alternately 
directly discharge every half period. The voltage at point (C) is always held at -2Vd. 
Capacitor C12 operates so that the voltage fluctuations generated when the conducting 
states of FETs Q14 and Q24 switch become extremely small. 

Thus, in this embodiment, twice the output current can be obtained compared to a 
conventional boosting circuit. According to this embodiment, the efficiency of the 
boosting circuit is significantly improved because the parasitic-bipolar transistor 
operation is eliminated due to the lower ripple rate. 

Figure 6 is a circuit diagram showing another embodiment of the present 
invention. IGFETs Qn, Q12, Qi4, Q2h Q22, Q23, and Q24 correspond to Qm, Qin, 
Qin, Qii4, Qi2b Q122, Q123, and Q124, respectively. Clock ^, isxreated fi-om clock ^\ by a 
C-MOS inverter that is comprised of FETs Q105 and Q106 and is connected to the gate of 
FET Qh3. The source of FET Q105 is connected to point (B) and is configured to obtain a 
clock that oscillates in the voltage difference between this output voltage and the 
substrate voltage. Furthermore, the source of FET Q106 is connected to the gate of FET 
Q124 and creates and outputs clock • Clock is input to the C-MOS inverter 
comprised of IGFETs Qio?, Q108 and the output therefirom is input to the gate of FET Qih 
as clock <|)2. The source of n-channel IGFET Q107 is connected to the output end (C). The 
obtained clock ^2 can be used as clock by connecting to the gate of IGFET Q123 since 
the phase is the same as clock <j)i'. Furthermore, a p-ch^inel FET Q109 having its gate and 
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drain connected to -Vd and source to output end (C) is added. In other words, the output 
end (C) when the direct-current boosting circuit starts operating connects the collector of 
a parasitic NPN transistor comprised of FETs Qi u and Q124 to ground. The time until the 
output end (C) reaches the stationary state lengthens since the capacitance at the output 
end (C) is charged by the base current. However, as described above, the voltage of -Vd 
at p-channel FET Q109 minus (-Vtp), where Vtp is the threshold of the p-channel FET, is 
given beforehand at output end (C). This can shorten the time until the stationary state is 
reached. According to Figure 6, the required clock can be obtained by using an inverter, 
the number of transistors can be minimized, and the circuit configuration can be 
simplijBed. The practical value of the circuit shown in the same figure is excellent. 

Furthermore, in Figure 6, the logic threshold of the C-MOS inverter comprised of 
FETs Q105 and Q106 is in the neighborhood of one half of the voltage at output end (C), 
which is -Vd. Since clock ^\ oscillates between the substrate voltage 0 V_and -Vd, the 
inverter has difficulty operating. Consequently, the Ipgic threshold can be moved to the 
substrate voltage and used by having an extremely large mutual conductance gm of FET 
Q106 with respect to FET Q105. Sometimes, however, the threshold of the p-channel FET 
increases and the threshold of the n-channel FET decreases during fabrication. Even in 
this case, this will not be a problem if a sufficiently large gm ratio is selected. But this 
gm ratio must be about 1 : 100, and the area occupied by the inverter becomes large which 
is a disadvantage in integration. 

Figure 7 is a circuit diagram showing another embodiment that should ehminate . 
this problem. A level-shifting circuit comprised of FETs Q 130 to Q133 is used instead of ~ 
the C-MOS inverter comprised of FETs Q105 and Qioe- This level-shifting circuit adds 



the source of FET Quo to point (B), the source of FET Q132 to point (D), input clock to 
the gate of FET Qm, and clock ^, that is extracted from point (A) to the gate of FET 
Q133. Furthermore, the configuration has the minimum number of transistors by 
supplying to the gate of the n-channel FET Q130 of C-MOS comprised of FETs Q132, Qi33- 

By using this level-shifting circuit, a gate voltage up to -2VDcan be obtained for 
the C-MOS FET Q130. The effects described above caused by the fluctuations in the 
thresholds occurring fabrication can be reduced. Therefore, compared to when an 
inverter having a relatively large gm ratio is used, the characteristic small area is 
extremely usefiil in practice. 

4. Brief Description of the Drawings 

Figure 1 is a circuit diagram of a conventional boosting circuit. Figure 2 is a 
voltage waveform diagram at each connection point. Figure 3 is a schematic showing a 
portion of the circuit shown in Figure 1 . Figure 4 is a basic circuit diagram of the - 
boosting circuit illustrating one embodiment of the present invention. Figure 5 is a 
voltage waveform diagram of each connection point of the circuit shown in Figure 47^ 
Figures 6 and 7 are circuit diagrams illustrating other embodiments of the present 
invention. 

Ci to Ci3 capacitive elements 
<|>h <|>2, y (l>2 control signals 

Q, to Q133 IGFETs ~ 
A to E circuit nodes 
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negative power supply voltage 

current between the collector and emitter of a parasitic bipolar transistor 
current between the collector and base of parasitic bipolar transistor 
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Figure 6 
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